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Calculating Synergistic and Antagonistic 
Responses of Herbicide Combinations' 



Abstract The rc.%poi»cs of lirrbicitlcs applied sinfilr are lued in 
calculating the "CNpcclcU" response when they arc cbmliincil. The 
expected response for a conilnnalkm is oliiained bv taking the 
product of the prrrent-or-conirol valiici for herbicides apph'nt 
alone and dinding bv (IOO)-« wbcK n is the ntimber of herlrfddcs 
in the combination. 

IK spite of the tremendous increase in testing of herbicide 
combinations, the words "s\-nerRistic" and "anta^on- 
isiic'" ha% e Ijcen largely avoided in puldicaiion of results. 
Uncertainty in determining "cNp<;ci<Sd"' rcsponiics for herbi- 
cide comlnnations may Ik partially responsible for the 
failure of workers to report synergism and antagonism. 
Another difliculty frequently encountered is that the herbi- 
cides used in combination arc not applied singly in the 
same study. When herbicides have not been applied singly, 
there is no basis for predicting the response when thev arc 
applied in combination. a^.. . 

Several mathematical methods arc a\ailal>le for tcstinir 
the additivity of herbicide combinations (3, 6). Thb paper 
presents a method uKich facilitates calculating "c.vpccted" 
responses of herbicide combinations. The 'cspccicd" 
response for a given combination of two hcrljicidcs can lie 
calculated as follo\\^ (3, 5): 

If X = the percent inhibition of crowih bv licrbicidc 
Aaiplb/.A 

and Y = the percent inhibition of growth bv herbicide 
B at q lb/A 

and E = the expected percent inhibition of growlli liy 

herbicides 
A + B at p + q lb/A 
then, according lo Cowing (3): 

Algebraic manipulation of lcrn» in equation I viclds equa- 
tion II, the form used by Liinpcl rt el. (5): 

E = X-f.Y-gX (I„ 
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When the ol>scrvcd response is greater than c.vpccted ih. 
combination is sv-nergistic: ulien less than expected. 'it j. 
antagonistic. If the oljser\cd and e.vpccied responses an 
equal, the combination is additive. 

In the use of equation II, original units of data, such a- 
weed counts or fresh or dr>- weighu of plants, arc converur 
10 percent inhibition" values. Once thb is done, it i, 
necessary to pcrfonn one addition, a subtraction, a mulii- 
(eq ^"t°"' d^'ision to obtain each expected rc>|>otVit 

If instead, wc con\ crt the original data to "perceni-of- 
control"* values, the nun)l>cr of arithmetic operations re- 
quired to obtain "E" is reduced. 

Let .\i = growth as a pcrcent-of-control with herbiridr 
-A. ai p ll>/..\ 

and Yi = growth as a pcrccni-of-control with hcrljicidv 
B at q Ib'A 

and El = expected growth as a pcrcent-of-coniroi \>iil: 
hcrljicidcs 
A -t- B at p -f q lb/A 
then Ej = 100- E 
X, = 100 - X 
Y, = 100 - Y 

hence E, = 100 - (X 4- Y - 'J^ 

and E, = 100 - ((lOO-X.) + (100 - Y.) - 

(100 -X|) (100 -Y,)? 
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finally E. = -:iLli J, 

The use of formula HI as'roinpared uith formula H 
cliniinaics the addition and subtraction, thus reducing the 
nuinlxrr of operations required to obtain an "cspccted" 



Thus, ifZ = the percent inhil>ition of groHih by 
herbicide 
C at r lb/A ' 

.hcnE^X-f Y + Z-<-^y + ,^ + y^> 
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Noxv ir Zt •= growth as a perccnt-oT-control with 

lu-rlitcide 

C at r lb/A 
, XtY,Z, 
lOjOOO 



ilicn El « 



(V) 



Oln-iolisl/, the use of formula V instead of IV reduces 
the number of arithmetic operations required to obtain the 
exixrcicd response since the subtractions and additions arc 
eliminated. In general, the expected response for any com- 
bination of hcrfaiddes may he obtained by talcing the 
product of the perccnt-«ii-control values -for herbicides 
applied alone and dividing by {100)«-> where n is the num- 
iu r of herbicides in the combination. Each herbicide must 
'K- npplied singly at the same rate as used in combination. 

Data published by Jagschitz and Skoglcy (4) are used to 
illustrate the calculation of e.xpcctcd resfwnses for herbicide 
coiul>inations. Four herbicides were applied singly and in 
certain comMnations for the control of se\-eral weeds iit 
tiirfiirass. The data as originally presented have Ijcen con- 
verted to pcrccnt-of<ontrol values and are shown in Tables 
I and 2. Expected values for the combinations arc shown in 



l»«J">«» O.IIJ 

mcteprop.....^ OA 

M 

• '■'^ 0.S 

|.0 

i>>t).»..B, ,.ntj5 

0.2) 

<l«i.ml» + mcnprop O.jM + 
«c.iinlM + J.4.D 0.125 + 0.! 



0.5 + ai 

l:f t\i 

* 0.IJ5 + 0.5 + 0.5 
0.125 t <.0 4-O.S 
0.1H 4- OJ + 1.0 
0.I2S 4- 1.0 + 1.0 



4- pfclorMn. ... 0.125 +0.S + 0.5 + 0.0625 



parentheses following each observed value. To the right of 
<-"ach expected value, the dlRerence between observed and 
es^pccted values is shown. A positive value is indicative of 
a synergistic response while a negative value is. indicative 
« an antagonistic response. If (be observed and expected 
values had .been .computed individually for each replica- 
tion, then a chi-square.tiest cotild have been used to de- 



termine the statistical significance of the difTercnces between 
observed and expected values. Even without the chi-square 
test, several conclusions seem probable from the data in 
Tables 1 and 2. First, the combinations appear antagonistic 
on dandelion. FurthernMre, the antagonism seems to be 
greater with increasing combined rates, especially when the 
herbicides were applied in 1964. Possibly this antagonism 
is caused by greater contact injury or more plant tops 
lieing killed at higher rates resulting in less translocation of 
herbicide into the dandelion roots. It also appears from 
Tabic 2 that diflerent weeds respond differently to the same 
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combination. Thus, combinations which were about addi- 
tive or possiMy synergistic on chickweed were antagonistic, 
in general, on dandelion. 

The calculations in\-ol\-ed in determinirfg the expected 
response of one three-way combinauoif' from T^ible 1 
illustrate the efficiency of formula V compared to formula 
IV, For example, using dicamba at 0.125 lb/A in com- 
bination with mecoprop at 0.5 lb/A and 2,4-D at 0.5 lb/A 
the expected response is calculated as follows usir^ formula 
IV and the data in terms of percent weed control as 
originally reported by Jagschitz et al. "(4). 

r - 4^ 4- 3 37 (45(3) •1- 45(37) + 3(37)> 

. (45) (3) (37) 
10,000 

= 85 - (^35-H.665 + 1 11) 4995 

100 10,000 
= 85 - 19.11 + 0.50 

= 66.39% weed control expected , . 
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Using formula V and pcrccnt-of-conirol values, the com- 
putation is 

P ^ (55) (97) (63 ) 
' 10,000 ' 

= 33.61 pcrcent-of-conirol 
and 33.61 %-or<ontrol b equal to 66.39% weed control. 

Ob\-iously, there are practical limitations in using mathe- 
matical formulas in prediciing the responses for hcrlNcide 
combinations. The methods described here are appraxi- 
mations, but they represent an improvement o\-er no at- 
tempt to> prcdic^ res^gnscs. The cbinputatioiu descril>ed 
should most effect^ ely lie applied to populations of single 
species although this would not seem to Ix an absolute 
requircnuent. Furthermore, the formulas are most accurate 
when \-aIucs of X, V, and Z are near the 50% level ancc 



the dose-response curx-es deviate least from linearity at tin 
50% level. 
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Seasonal Variation in Sprouting and Available Carbohydrate 
in Yellow Nutsedge Tubers' 



R. B. Taylojison» 



.IbMraet. Two morphological ivpcs «jf tuljcn of yellow nuisrdR 
(Cv/wnii escuUnlui L.) vrcre collected over a 2-ycar period and were 
.<|>«iutcd in the laboniori. Tiil>cr dnrmancr occuried during laic 
<iimn>cr and early fall. Spromiiij vaj highcsi'during Ihc winter and 
spung. McchaninI disturbance of ihe nuiscdRc stand increased tuber 
sprommg. .-\vailjblc carbohvdralcs followed a pat ' • 

sproiiiinp niinimiiMi Icveli were found during lai, 

" ■'milar in rcipect to the citarac 



similar 10 relation 



nwrtivcrioN 



DtiR.MA.Ncn- commonly o<<iirs in various org:iiis and at 
tliireieni seasons «[ the \t:ir ;mu>ng si)etics of higher 
plants (7). Gciurally, link- ii known of dormancy in Mib- 
icrr.mean organs of wt-etls, in< liidiiig iiiljcrs of yellow niii- 
KCtlge (Cyprrus rsnilniitis L.). Tiimblcson and Konv 
incdahl (G) iiuliratcd that tiiU-i-s were dormant when dug 
in Se|)tenil>cr but would gcnniiiate iit June. lUcaking of 
tuber donnancy w:is thought to be as.wiaied with low 
icm|)cratuie iinci Icadi.ible inhibitors. Oilier research has 
dealt mainly with ineiliod.s of brc:iking dormancy of 
tubers by clioniiail.icdinicjiies (21. Control of yellow nut- 
sctlge with |x>sicuicrgcn('c herbicides is partially de- 
|)ciKlcnt on tul)cr dorniaiic-y, .since cmei^gcnce of shoots 
must be oiitinuini when the herbicides are ap|)lied for 
maxiinimi cllccts. 

.Another factor oficn iclatcil to effectiveness of herbi- 
cides in the comrol of iicrcnnial weed sfK'cics is the le\el 
of reserve nirlxiliydniics. However, studies attempiiiig to 

■Rercivc*! lor pulilie:iti(ni Fcbniarv 24, l!KXi. C«opCTativc invcsii- 
Ruiitnis ..r ilK- Crops Kar.,Kh mtsUm. .Acriailltiral Research .Sen- 
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nuHi .Sialioti, TifliMi. C:rorRia. 

-Plant Phi-sioliiKiM. t:ii.ii» K(Mari:li nivinnn. Acriculiural Re- 
«-arch .Sen-ice. tl. S. lV|««.iniii>i (4 Aericuliurc. Tiflon. Georgia. 
Pment atlilitrK is i:m,» Krmrrh Divisitm. Agrinillural Research 
Senke. U. S. De|>arinuiit uf Agricuhuir. Ilclwille. Klaiybod. 



relitc carbohydrate levels with herbicide suscejilibilitv 
have not been clearly successful (4, 3). 

Ill these studies, I'hiivc attempted to characterize tubci 
donnanc>- and carbohydrate content and their iXMsible 
"» herbicide iiiilizatio- 



Metiioi>s A.\t) Materials 
.\ tiense siani! of yellow nutsedge growing in a ficltl nl 
Tifioii lonmy sand was the .source of plant materia). .Sain- 
pits were collcctcil at nionihlv intenals from Julv. 1!I02 
to June, )'ir>4. During Julv. mZ to June. 1963, samples 
were rjndomly collet tet'l over the infested area. 'I'hc .stand 
not disturbed inerhaninilly cxcc|n for an carlv spring 
plowing and harrowing. During ihc months of '(ulv Co 
November, 19G3. the area was subdivided into 25 bv M\ 
ft plots. Three twire-repliraicti treatments w-erc impo-r.!. 
One treatment was a roiiiinuation of tlie mcchani<.:i:y 
uiKlisiiiilied stand mentioned .->bove. Other trcatnicni's 
were (a) mowing appro.\ima(¥ly 2 ^eeks prior to the ncxi 



s prior t< 



t sam]>ling date. At the conclusion 



of this sampling i>eriotl, fu'rtlie'r collections were made 
only from the mechanically undi.sturb.<xl plots. 

At each sampling date, duplicate y,ti of approxiniaicly 
500 tubers were recovered by working the soil throu.cli 
a co;irse screen. On .several occasions during lOfi.S. u'l- 
waslied tubers were rccover«l'"fr6m mechanically iim''^ 
lurl>ed plot samples by .scarrhing the .soil samples and 
Imrshing off nio.si of the atlhcriiig soil from the iiiIxin. 

Except for the unwaslicxi l(»ts, the tubers were sub- 
jectively gnided into four types according to cxicri>:"l 
color and morphology, and then countctl. Tyi>e A tiil>crs 
*-ere black-skinned, shriveled, and usually cleati: i>|w J* 
tverc black but iiiigid; type C were brown and tiiip*"^ 
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